of patients presenting for surgical relief of macromastia and the impact of intervention on their symptoms.
Breast surgery-specific patient-reported outcome instruments do just this and are frequently used in patients seeking reduction mammaplasty. The BREAST-Q Reduction module, one of the most widely used patient-reported outcome instruments specific to reduction mammaplasty, allows researchers and clinicians to capture reproducible data regarding the impact of macromastia on symptoms and quality of life, and to track change over time. 10, 11 However, unlike objective outcomes in surgical research, the interpretation of patient-reported outcome results presents a unique challenge.
Patient-reported outcome instruments, including the BREAST-Q, generate a numeric score. This score is given meaning when compared over time or between intervention groups. However, the clinical relevance of these findings without such comparisons is not always readily apparent. Thus, a current limitation to the BREAST-Q Reduction module is a lack of normative scores for breastrelated satisfaction and well-being of women in the general population; such normative scores could be used to provide clinical context for both preoperative and postoperative data points.
The primary aim of this study was to generate and describe population norms for the BREAST-Q Reduction module. The secondary aim was to compare Army of Women population norms to previously published BREAST-Q Reduction scores, to bring greater clinical context and understanding to previously determined findings describing women presenting for and undergoing reduction mammaplasty.
PATIENTS AND METHODS

Study Population
Participants were recruited through the Army of Women, an online community started in 2008 by the Dr. Susan Love Research Foundation, with the goal of connecting breast cancer researchers to women with and without breast cancer. To recruit patients using the Army of Women, researchers must have funding, institutional review board approval from the home institution, and be accepted by the Army of Women Scientific Advisory Committee. After institutional review board exemption was granted from Dartmouth College, and after acceptance by the Army of Women, an electronic recruitment e-mail (e-blast) was circulated to Army of Women members. Interested women self-selected to participate if they met the following inclusion criteria: age 18 years or older, no personal history of breast cancer or breast surgery, and the ability to complete a questionnaire online in English.
Recruitment
The e-blast was sent to 121,688 Army of Women members. Those participants who were interested and self-screened themselves as eligible followed a link to electronically complete the BREAST-Q, which was administered using Qualtrics (Provo, Utah), an online, Web-based software for questionnaire administration. Participant recruitment was part of a larger study generating normative values for the three BREAST-Q modules (i.e., Reduction, Augmentation, and Reconstruction). Participants did not know which BREAST-Q module was being completed. In addition to completing a preoperative BREAST-Q module, data collection included demographic questions as well as bra cup size, height, and weight. A recruitment algorithm was written into Qualtrics that automatically rerouted participants to the next BREAST-Q module after 1200 participants had completed one of the modules, starting with Reduction, followed by Reconstruction and then Augmentation. Normative data for the latter two will be reported in other articles.
BREAST-Q
The BREAST-Q is a rigorously developed, wellvalidated, patient-reported outcome instrument designed for all types of breast surgery. 11, 12 Used in research with over 22,000 women having different types of breast surgery, the BREAST-Q is one of the most widely used breast surgery-specific patient-reported outcome instruments. [11] [12] [13] [14] [15] [16] [17] The BREAST-Q, first published in 2009, was developed following internationally accepted guidelines for patient-reported outcome development. 4, 18 Development of the conceptual framework and set of scales included a literature review, 48 primary patient interviews, 46 cognitive debriefing interviews, and expert opinion from a panel of plastic surgeons and other health care professionals. The BREAST-Q was then tested in a sample of 2715 patients, 908 presurgery patients, and 1807 postsurgery patients, with a response rate of 72 percent.
There are four preoperative BREAST-Q Reduction scales: Satisfaction with Breasts (n = 11 items), Psychosocial Well-being (n = 9 items), Sexual Well-being (n = 5 items), and Physical Wellbeing (n = 14 items). Questions assess breast satisfaction, including satisfaction with macromastia symptoms, and quality of life and well-being as related to macromastia and reduction mammaplasty. For all BREAST-Q scales, items are summed and transformed on a scale from 0 (worst) to 100 (best) using the Q-Score program (New York, N.Y.). In the BREAST-Q development sample (n = 1950), Reduction scales had Cronbach alpha scores between 0.83 and 0.95, mean item total correlations from 0.46 to 0.83, and test-retest reliability with intraclass correlation coefficients between 0.73 and 0.94. In addition, the BREAST-Q has demonstrated validity and the ability to detect clinically meaningful change. 14 
Statistical Analysis
Descriptive statistics were computed, including the mean, standard deviation, and 95 percent confidence interval for continuous variables, and percentages were listed for categorical variables. Backward-selection linear multivariate regression was used to determine variables associated with BREAST-Q scores. Variables were categorized to form dichotomous variables as follows: body mass index greater than or equal to 30 kg/m 2 versus body mass index less than 30 kg/m 2 , age 40 years or older versus age younger than 40 years, bra size greater than or equal to D versus less than D, white non-Hispanic versus other ethnicity, college degree or higher versus less than college degree education, full-time versus other than full-time employment, income greater than or equal to $40,000 versus less than $40,000 per year, and married versus other marital status. Binomial variables with a probability of less than 0.2 were rejected and removed from the model, and the model was rerun with only the significant variables (p < 0.05). Statistically significant difference was determined by use of 95 percent confidence intervals in which there was a difference in the results if the confidence intervals of the measures did not cross. Data analysis was performed using Stata/SE 11.0 (StataCorp., College Station, Texas).
A separate analysis compared the normative scores to published and unpublished BREAST-Q Reduction scores using 95 percent confidence intervals. To identify published scores, we searched PubMed in January of 2016 with "BREAST-Q" or "BREASTQ" as key terms, and then screened title and abstracts to identify publications using the Reduction module. A 2013 prospective study by Coriddi et al. was selected, as it had the greatest number of participants and most complete prospective data set from available studies. Coriddi et al. reported data for all of the Reduction scales in 38 preoperative patients and 38 patients at 6 weeks postoperatively. 10 Mean age was 36 ± 13 years and mean body mass index was 32 ± 6 kg/m 2 . The pedicle was superomedial in 33 percent and inferior in 67 percent of patients. Skin incision was Wise pattern in 76 percent and vertical incision in 24 percent of patients. Given the small sample size in available published data, the authors also used an unpublished preoperative BREAST-Q Reduction data set of 279 patients presenting for breast reduction at Dartmouth-Hitchcock Medical Center. This data set was collected as part of routine clinical care and was granted institutional review board exemption from Dartmouth's Committee for the Protection of Human Subjects (Study 000280776). Mean age was 45 ± 14 years and mean body mass index was 31 ± 7 kg/m 2 . Surgical incision and pedicle information were not available, as this is a preoperative cohort. From the selected studies, we extracted the following information: study design, sample size, and BREAST-Q scores. We contacted the authors as needed to obtain missing data. The sample size, mean BREAST-Q score, and standard deviation were used to calculate a 95 percent confidence interval for each publication.
RESULTS
There were 121,688 Army of Women members at the time of e-blast. Three months after the e-blast, a second e-blast was circulated to complete recruitment for the remaining 409 participants needed to reach the minimum 3600 participants for all three BREAST-Q modules. Across all three modules, a total of 4326 women self-selected as eligible participants meeting the study inclusion criteria, 3618 women completed BREAST-Q preoperative modules, and 142 women who were not included attempted to participate after the final module had reached capacity, before the Army of Women closed the study. The overall response rate across all three modules was 86.5 percent. In total, 1206 women completed the BREAST-Q Reduction module preoperative questionnaire.
For the Reduction sample, the mean age was 55 ± 13 years, mean body mass index 27 ± 6 kg/ m 2 , and bra cup size of at least a D was present in 40 percent of women (n = 481). The majority of participants were of white ethnicity [n = 1093 (91 percent)], 84 percent had a college education or greater (n = 1009), 43 percent were employed full-time (n = 511), 44 percent had an annual gross household income of $100,000 or greater (n = 505), and 69 percent were married (n = 828). A chronic health condition was reported in 50 percent (n = 596), with commonly cited conditions as follows: hypothyroidism, diabetes, hypertension, hyperlipidemia, asthma, gastroesophageal reflux disease, inflammatory bowel disease, irritable bowel syndrome, arthritis, psoriasis, and headaches. Full demographic values of the women who completed the Reduction module are listed in Table 1 .
The normative scores are shown in Table 2 and ranged from 55 to 76, with standard deviations ranging from 11 to 19. The Sexual Well-being scale was completed by 85 percent (n = 1024), the lowest completion rate. Of note, the instructions specify not to complete the Sexual Well-being scale if the participant was uncomfortable with the content or felt items were not applicable.
For the four BREAST-Q scales, the linear multivariate regression models generated between three and five demographic variables associated with Reduction scores. Figure 1 demonstrates these significant variables with 95 percent confidence intervals. Common across the four BREAST-Q Reduction scales was the association of lower BREAST-Q scores for respondents with a body mass index of 30 kg/m 2 or more and bra cup size of D or greater compared with the corresponding reference groups (all values in the regression models for these two variables were p < 0.001).
The normative scale scores generated in this study were compared to previously published (Coriddi et al.) and unpublished (Dartmouth) BREAST-Q data in patients presenting for and undergoing reduction mammaplasty. Figure 2 shows the results of the preoperative studies and the postoperative prospective study in comparison with the normative results. The two separate preoperative means were not significantly different from each other, and both were significantly lower than the norm across all four scales. Postoperative means were significantly higher than the norm across all four scales.
DISCUSSION
Relief of symptoms (e.g., neck, back, shoulder, and arm pain; headaches; rashes; itching; and bra strap grooving) is the primary motivators for most women pursuing reduction mammaplasty. 5, 6 Generic patient-reported outcome instruments have demonstrated that these women with symptomatic macromastia who undergo reduction mammaplasty report significant improvements in pain and quality of life, often to a level that is better than that of the general population. 6, 19 Furthermore, researchers have failed to explain these improvements in quality of life and symptoms using objective measures, such as body mass index, bra cup size, and quantity of resected breast tissue. [19] [20] [21] However, despite these wellestablished findings in the literature, stating that it is subjective rather than objective measures that matter most for patients, third-party payers have yet to respond. Third-party payers often require the inevitable failure of lengthy nonoperative treatment attempts, size requirements of the initial bra cup size, and/or predetermined quantities of breast tissue resected, continuing to rely on quantitative data to drive reimbursements for a procedure that is best evaluated in qualitative outcomes. Patient-reported outcome instruments represent a potential bridge to this discrepancy. Furthermore, disease-specific patient-reported outcome instruments, as opposed to generic instruments such as the 36-Item Short-Form Health Survey or the EuroQol instrument, which are used to assess general changes in patient-reported outcomes across multiple disease processes, have the potential to provide reproducible data, specific to a given disease process and capable of capturing change over time. 22 The BREAST-Q Reduction module provides such data for patients presenting for and undergoing reduction mammaplasty. 11 However, a key limitation of the current diseasespecific patient-reported outcome instruments for macromastia and reduction mammaplasty, and specifically the BREAST-Q Reduction module, is the lack of normative data. Whereas generic patient-reported outcome instruments, such as the 36-Item Short-Form Health Survey, are scaled to a normative population, before this analysis, it was not known what a normative BREAST-Q Reduction score was.
In this study, we successfully generated population norms for the Reduction module of the BREAST-Q. Normative BREAST-Q scores will help to demonstrate the health burden associated with macromastia and the impact of surgical intervention. Within the normative scores, larger body mass index and bra cup sizes were associated with lower BREAST-Q scores compared with reference groups with smaller body mass indices and bra cup sizes. This finding suggests that even women not seeking reduction mammaplasty but with higher body mass indices and/or bra cup sizes may have lower associated well-being or quality of life with regard to their breasts.
Our comparison of normative BREAST-Q scores with previously collected data highlights the extent to which preoperative scores were below normative values, quantifying the health burden associated with macromastia. In addition, postoperative scores were significantly higher than the norm, demonstrating the success of reduction mammaplasty. Of note, the normative BREAST-Q scores in women with a large body mass index or breast cup size, although lower than a reference group of women with a small body mass index or breast cup size, were significantly higher than the preoperative scores in women presenting for reduction mammaplasty. This finding suggests that a large body mass index or bra cup size does not alone explain the full health burden of disease associated with macromastia.
The strengths of this study are as follows. This is the first study to generate normative values for the BREAST-Q, one of the most widely used patient-reported outcome instruments in breast surgery. Furthermore, the sample size is large, with over 1200 participants. Lastly, given the standard scoring system of the BREAST-Q, the normative data presented here can be seamlessly integrated into ongoing and future clinical care and research, providing a normative reference point for BREAST-Q score interpretation.
The limitations of this study include our sample characteristics and method of selection. Our sample population is predominantly white, educated, and wealthy, and although this is comparable to both the Reduction data presented from Dartmouth and the overall current use of the BREAST-Q, 17 the Army of Women, 23 and a common issue faced in large-scale health outcomes research, 24 it is not representative of the U.S. population at large. In addition, women self-selected themselves to be participants in the study, without a clinician or researcher confirming eligibility. Although the inclusion criteria were straightforward and did not rely on significant medical knowledge, it is possible that they were misinterpreted. It is also possible that women actively pursuing or planning for (but who had not yet undergone) reduction mammaplasty were included in the analysis. The data collected for this study were collected as part of a larger study evaluating normative scores across all three preoperative BREAST-Q modules. There were slight variances in demographic values and preoperative BREAST-Q scores among the three samples (variance likely explained by differences in each module's question content). Each module was completed by 1200 participants in full before the algorithm moving to the next module. This algorithm may have introduced more bias than if participants were assigned randomly to a module and all three modules were completed simultaneously.
There were also limitations in our comparison to the literature. The postoperative outcomes described here were at 6 weeks, a relatively short follow-up period. It is possible that if this type of cohort completed the BREAST-Q months to several years postoperatively, the scores might return to population norms, and here we are merely presenting an exaggerated effect immediately following surgery. In addition, despite the study by Coriddi et al. being the largest prospective study published to date, there were only 38 preoperative and 38 postoperative patients, with only some overlap in individuals between these two groups, further limiting these data.
The normative values described here provide researchers and clinicians with a novel method of interpreting BREAST-Q Reduction data. Our hope is that this new normative clinical framework will inform future research working to better understand the health burden of macromastia and evaluate the outcomes of reduction mammaplasty. In addition, we hope that these normative data could be used to better frame the discussion of appropriate surgical indications for mammaplasty, as determined by surgeons and third-party payers, with the goal of better aligning the findings in the literature with payment behaviors. Future directions could include establishing normative data for populations with increased diversity.
CONCLUSIONS
The normative data generated in this analysis provide an essential yet previously unavailable clinically relevant reference point for the interpretation of the BREAST-Q Reduction module. We provide context to better delineate the health burden associated with macromastia, such as confirming that bra cup size and large body mass index negatively impact healthrelated quality of life, yet not at the level of patients presenting for reduction mammaplasty. These data also confirm that women presenting for reduction mammaplasty have a quality of life significantly below that of the norm, and that this significantly improves to above the norm with surgical intervention. These normative values may be used to drive future research and clinical care regarding the health burden of macromastia, including appropriate indications for surgical intervention from the perspectives of both the clinician and a third-party payer, and to evaluate outcomes after reduction mammaplasty.
